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LOW DIMENSIONAL NILPOTENT n-LIE ALGEBRAS
MEHDI ESHRATI1, FARSHID SAEEDI2, AND HAMID DARABI3
Abstract. In this paper, nilpotent n-Lie algebras of dimension n+ 3 as well
as nilpotent n-Lie algebras of class 2 and dimension n+ 4 are classified.
1. Introduction and preliminaries
The classification of low dimensional Lie algebras is an early problem in the
study of Lie algebras. Such classifications can be find in standard references of
Lie algebras. A first step to classify 6-dimensional Lie algebras was done by Um-
lauf [12] in 1891. In 1950, Mozorov [9] obtained the classification of nilpotent Lie
algebras of dimension less than 6 over arbitrary fields and those of dimensions 6
over a field of characteristic zero. The classification of 6-dimensional nilpotent Lie
algebras is completed by Cicalo [4] in 2012. The 7-dimensional nilpotent Lie alge-
bras over the fields of real and complex numbers are classified in [11]. Also, the
8-dimensional nilpotent Lie algebras of class 2 with a 4-dimensional center, those
with a 2-dimensional center, and those with a 4-dimensional center over the field
of complex numbers are classified in [15], [10] and [13], respectively. We know that
a classification of Lie algebras with respect to the dimension of their multiplier is
given in [3].
In 1985, Fillipov [7] defined an n-Lie algebra as an antisymmetric n-linear map
on a vector space that satisfy the following Jacobi identity:
[[x1, x2, . . . , xn], y2, . . . , yn] =
n∑
i=1
[x1, . . . , xi−1, [xi, y2, . . . , yn], xi+1, . . . , xn]
for all xi, yi ∈ L, 1 ≤ i ≤ n and 2 ≤ j ≤ n. Also, he has classified the n-Lie
algebras of dimension n+ 1 over an algebraically closed field of characteristic zero.
In 2008, Bai [2] classified those n-Lie algebras of dimension n+1 whose underlying
field has characteristic 2. Also, in 2011, Bai et. al. [1] classified the n-Lie algebras
of dimension n+ 2 over algebraically closed fields of characteristic zero.
Let A1, A2, . . . , An be subalgebras of n-Lie algebra A. Then the subalgebra
of A generated by all commutators [x1, . . . , xn], in which xi ∈ Ai, is denoted by
[A1, . . . , An]. The subalgebra A
2 = [A, . . . , A] is called the derived n-Lie subalgebra
of A. If A2 = 0, we call A an abelian n-Lie algebra. The center of the n-Lie algebra
A is defined as
Z(A) = {x ∈ A : [x,A, . . . , A] = 0}.
Assume Z0(A) = 0, then ith center of A is defined inductively as Zi(A)/Zi−1(A) =
Z(A/Zi−1(A)) for all i ≥ 1. In 1987, Kasimov [8] defines the notion of nilpotency
of n-Lie algebras as follows:
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An n-Lie algebra A is called nilpotent if As = 0 for some non-negative integer
s, in which Ai+1 is defined inductively as A1 = A and Ai+1 = [Ai, A, . . . , A]. The
n-Lie algebra A is nilpotent of class c provided that Ac+1 = 0 and Ac 6= 0. Similar
results for the same groups are obtained for nilpotent n-Lie algebras in [14].
The goal of this paper is to classify (n+3)-dimensional nilpotent n-Lie algebras
as well as (n+ 4)-dimensional nilpotent n-Lie algebras of class 2 over an arbitrary
field. This paper is organized as follows: Section 2 presents the preliminary results
that will be used in the next sections. In section 3, we give a classification of all
(n+3)-dimensional nilpotent n-Lie algebras over an arbitrary field. Also, in section
4, we shall classify all (n + 4)-dimensional nilpotent n-Lie algebras of class 2 over
an arbitrary field.
2. Known results
In this section, we shall present some known results, without proofs, that will be
used later. Recall that an n-Lie algebra A is called Special Heisenberg if A2 = Z(A)
and dimA2 = 1.
Theorem 2.1 ([6]). Every Special Heisenberg n-Lie algebra is of dimension mn+1
for some positive integer m and it has a presentation as:
H(n,m) = 〈x, x1, . . . , xmn : [xn(i−1)+1, xn(i−1)+2, . . . , xni] = x, i = 1, . . . ,m〉.
Theorem 2.2 ([5]). Let A be a nilpotent n-Lie algebra of dimension d satisfying
dimA2 = 1. Then A ∼= H(n,m)⊕ F (d−mn− 1) for some m ≥ 1.
Theorem 2.3 ([5]). Let A be a nilpotent n-Lie algebra of dimension d = n + k,
for 3 ≤ k ≤ n+ 1 such that A2 = Z(A) and dimA2 = 2. Then
A ∼= 〈e1, . . . , en+k : [ek−1, . . . , en+k−2] = en+k, [e1, . . . , en] = en+k−1〉.
This n-Lie algebra is denoted by An,k.
Theorem 2.4 ([5]). Let A be a non-abelian nilpotent n-Lie algebra of dimension
d ≤ n+ 2. Then
A ∼= H(n, 1), H(n, 1)⊕ F (1) or An+2,3,
in which
An+2,3 = 〈e1, . . . , en+2 : [e1, . . . , en] = en+1, [e2, . . . , en+1] = en+2〉.
Theorem 2.5 ([4]).
(1) Over a field F of characteristic different from 2, the list of the isomorphisms
type of 6-dimensional nilpotent Lie algebras is the following: L5,k ⊕F with
k ∈ {1, . . . , 9} ; L6,k with k ∈ {10, . . . , 18, 20, 23, 25, . . . , 28}; L6,k(ε1) with
k ∈ {19, 21} and ε1 ∈ F
∗/(
∗
∼); L6,k(ε2) with k ∈ {22, 24} and ε2 ∈ F/(
∗
∼).
(2) Over a field F of characteristic 2, the isomorphism types of 6-dimensional
nilpotent Lie algebras are: L5,k ⊕ F with k ∈ {1, . . . , 9}; L6,k with k ∈
{10, . . . , 18, 20, 23, 25, . . . , 28}; L6,k(ε1) with k ∈ {19, 21} and ε1 ∈ F
∗/(
∗
∼);
L6,k(ε2) with k ∈ {22, 24} and ε2 ∈ F/(
∗+
∼); L
(2)
6,k with k ∈ {1, 2, 5, 6};
L
(2)
5,k(ε3) with k ∈ {3, 4} and ε3 ∈ F
∗/(
∗+
∼ ); L
(2)
6,k(ε4) with k ∈ {7, 8} and
ε4 ∈ {0, ω}.
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3. Classification of (n+ 3)-dimensional nilpotent n-Lie algebras
By Theorem 2.4, the number of nilpotent n-Lie algebras of dimensions n, n+ 1
and n + 2 are one, two and three up to isomorphism. In this section, we shall
classify all (n+ 3)-dimensional nilpotent n-Lie algebras over an arbitrary field.
Let A be a nilpotent n-Lie algebra of dimension n+3 with basis {e1, . . . , en+3}.
If en+3 is a central element of A, then A/〈en+3〉 is a nilpotent n-Lie algebra of
dimension n+ 2. We discuss on the abelian-ness of A/〈en+3〉.
If A/〈en+3〉 is abelian, then brackets in A can be written as
[e1, . . . , eˆi, . . . , eˆj , . . . , en+2] = θijen+3, 1 ≤ i < j ≤ n+ 2.
If θij = 0 for all 1 ≤ i < j ≤ n + 2, then A is an abelian n-Lie algebra, which we
denote it by An+3,1. If θij are not all equal to zero, then A is non-abelian satisfying
dimA2 = 1. Hence, by Theorem 2.2, A ∼= H(n,m)⊕ F (n+ 3− nm− 1).
In case n > 2, we must have m = 1 and hence
A = 〈e1, . . . , en+3 : [e1, . . . , en] = en+3〉 ∼= H(n, 1)⊕ F (2),
which we denote it by An+3,2.
Also, in case n = 2, we have two n-Lie algebras for A, namely H(2, 2) and
H(2, 1)⊕ F (2).
Now, assume that A/〈en+3〉 is a non-abelian n-Lie algebra. By Theorem 2.4, we
have two possibilities for A/〈en+3〉:
Case 1: A/〈en+3〉 ∼= 〈e1, . . . , en+2 : [e1, . . . , en] = en+1〉. Then the brackets in A
can be written as

[e1, . . . , en] = en+1 + αen+3,
[e1, . . . , eˆi, . . . , eˆj, . . . , en, en+1, en+2] = θijen+3, 1 ≤ i < j ≤ n,
[e1, . . . , eˆi, . . . , en, en+1] = βien+3, 1 ≤ i ≤ n,
[e1, . . . , eˆi, . . . , en, en+2] = γien+3, 1 ≤ i ≤ n.
Regarding a suitable change of basis, one can assume that α = 0, and the Jacobi
identities give us
θij = 0, 1 ≤ i < j ≤ n.
Hence 

[e1, . . . , en] = en+1,
[e1, . . . , eˆi, . . . , en, en+1] = βien+3, 1 ≤ i ≤ n,
[e1, . . . , eˆi, . . . , en, en+2] = γien+3, 1 ≤ i ≤ n.
The above brackets show that the dimension of the center of A is at most 3. We
discuss on the dimension of the center of A.
(i) dimZ(A) = 1. Then, we must have βi, γj 6= 0 for some i and j. Without loss
of generality assume that β1, γ1 6= 0. Applying the following transformations
e′1 = e1 +
n∑
i=2
(−1)i−1
βi
β1
ei, e
′
j = ej , 2 ≤ j ≤ n+ 2, e
′
n+3 = β1en+3
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we obtain 

[e′1, . . . , e
′
n] = e
′
n+1,
[e′2, . . . , e
′
n+1] = e
′
n+3,
[e′2, . . . , e
′
n, e
′
n+2] =
γ1
β1
e′n+3,
[e′1, . . . , eˆ
′
i, . . . , e
′
n, e
′
n+2] =
1
β1
(
γi −
βiγ1
β1
)
e′n+3, 2 ≤ i ≤ n.
Next, by applying the transformations
e′′1 = e
′
1 +
n∑
i=2
(−1)i−1
(
γi
γ1
−
βi
β1
)
e′i,
e′′j = e
′
j , 2 ≤ j ≤ n+ 1, e
′′
n+2 =
β1
γ1
e′n+2, e
′′
n+3 = e
′
n+3
it yields
[e′′1 , . . . , e
′′
n] = e
′′
n+1, [e
′′
2 , . . . , e
′′
n+1] = e
′′
n+3, [e
′′
2 , . . . , e
′′
n, e
′′
n+2] = e
′′
n+3.
Hence, we conclude that
A = 〈e1, . . . , en+3 : [e1, . . . , en] = en+1, [e2, . . . , en+1] = en+3, [e2, . . . , en, en+2] = en+3〉,
which we denote it by An+3,3.
(ii) dimZ(A) = 2. We have two possibilities:
(ii-a) If Z(A) = 〈en+2, en+3〉, then at least one of the βi is non-zero while all γi
are zero. Without loss of generality assume that β1 6= 0. Then

[e1, . . . , en] = en+1,
[e2, . . . , en+1] = β1en+3,
[e1, . . . , eˆi, . . . , en, en+1] = βien+3, 2 ≤ i ≤ n.
Applying the following transformations
e′1 = e1 +
n∑
i=2
(−1)i−1
βi
β1
ei, e
′
j = ej , 2 ≤ j ≤ n+ 2, e
′
n+3 = β1en+3
we obtain {
[e′1, . . . , e
′
n] = e
′
n+1,
[e′2, . . . , e
′
n+1] = e
′
n+3.
Hence
A = 〈e1, . . . , en+3 : [e1, . . . , en] = en+1, [e2, . . . , en+1] = en+3〉,
which is isomorphic to An+2,3 ⊕ F (1) and it is denoted by An+3,4.
(ii-b) If Z(A) = 〈en+1, en+3〉, then A
2 = Z(A) and Theorem 2.3 yields
A = 〈e1, . . . , en+3 : [e1, . . . , en] = en+1, [e2, . . . , en, en+2] = en+3〉,
which is denoted by An+3,5.
(iii) dimZ(A) = 3. Then Z(A) = 〈en+1, en+2, en+3〉 and so that βi = γi = 0 for
all 1 ≤ i ≤ n. The only non-zero bracket is [e1, . . . , en] = en+1, which gives rise to
the algebra H(n, 1)⊕ F (2) = An+3,2.
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Case 2: A/〈en+3〉 ∼= 〈e1, . . . , en+2 : [e1, . . . , en] = en+1, [e2, . . . , en+1] = en+2〉.
Then the brackets in A are as follows:

[e1, . . . , en] = en+1 + αen+3,
[e2, . . . , en+1] = en+2 + βen+3,
[e1, . . . , eˆi, . . . , eˆj, . . . , en, en+1, en+2] = θijen+3, 1 ≤ i < j ≤ n,
[e2, . . . , en, en+2] = γen+3,
[e1, . . . , eˆi, . . . , en, en+2] = αien+3, 2 ≤ i ≤ n,
[e1, . . . , eˆi, . . . , en, en+1] = βien+3, 2 ≤ i ≤ n.
With a suitable change of basis, one can assume that α = β = 0. Moreover, from
the Jacobi identities, it follows that
θij = 0, 1 ≤ i < j ≤ n, αi = 0, 2 ≤ i ≤ n,
so 

[e1, . . . , en] = en+1,
[e2, . . . , en+1] = en+2,
[e2, . . . , en, en+2] = γen+3,
[e1, . . . , eˆi, . . . , en, en+1] = βien+3, 2 ≤ i ≤ n.
The above relations show that the dimension of Z(A) is at most 2. We have two
possibilities:
(i) dimZ(A) = 1. Then γ 6= 0 and e′n+3 = γen+3, e
′
j = ej , 1 ≤ j ≤ n + 2
yields 

[e′1, . . . , e
′
n] = e
′
n+1,
[e′2, . . . , e
′
n+1] = e
′
n+2,
[e′2, . . . , e
′
n, e
′
n+2] = e
′
n+3,
[e′1, . . . , eˆ
′
i, . . . , e
′
n, e
′
n+1] =
βi
γ
e′n+3, 2 ≤ i ≤ n.
If βi = 0 for all 2 ≤ i ≤ n, then
A = 〈e1, . . . , en+3 : [e1, . . . , en] = en+1, [e2, . . . , en+1] = en+2, [e2, . . . , en, en+2] = en+3〉,
which is denoted by An+3,6. On the other hand, if βi 6= 0 for some 2 ≤ i ≤ n, say
β2 6= 0, then, by applying the following transformations,
e′1 =
β2
γ
e1, e
′
2 =
(
β2
γ
)2
e2 +
n∑
i=3
(−1)i
β2βi
γ
ei, e
′
i = ei, 3 ≤ i ≤ n− 1,
e′n =
(
γ
β2
)2
en, e
′
i =
β2
γ
ei, n+ 1 ≤ i ≤ n+ 2, e
′
n+3 =
β2
γ
en+3,
we observe that
A = 〈e1, . . . , en+3 : [e1, . . . , en] = en+1, [e2, . . . , en+1] = en+2,
[e2, . . . , en, en+2] = [e1, e3, . . . , en+1] = en+3〉,
which we denote it by An+3,7.
(ii) dimZ(A) = 2. Then γ = 0 and the brackets in A reduce to

[e1, . . . , en] = en+1,
[e2, . . . , en+1] = en+2,
[e1, . . . , eˆi, . . . , en, en+1] = βien+3, 2 ≤ i ≤ n.
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If βi = 0 for all 2 ≤ i ≤ n, then
A = 〈e1, . . . , en+3 : [e1, . . . , en] = en+1, [e2, . . . , en+1] = en+2〉.
One can easily see that this algebra is isomorphic to An+3,4, while if βi 6= 0 for
some 2 ≤ i ≤ n, say β2 6= 0, then the following transformations
e′1 = e1, e
′
2 = e2 +
n∑
i=3
(−1)i
βi
β2
ei, e
′
j = ej , 3 ≤ j ≤ n+ 2, e
′
n+3 = β2en+3
show that
A = 〈e1, . . . , en+3 : [e1, . . . , en] = en+1,
[e2, . . . , en+1] = en+2, [e1, e3, . . . , en+1] = en+3〉.
This algebra is denoted by An+3,8.
The above results summary as:
Theorem 3.1. The only nilpotent n-Lie algebras of dimension n + 3 with n > 2
are An+3,i with i ∈ {1, . . . , 8}. For n = 2 we have instead the algebra H(2, 2).
4. Classification of (n+ 4)-dimensional nilpotent n-Lie algebras of
class 2
Nilpotent n-Lie algebras of class 2 appear in some problems of geometry like
commutative Riemannian manifolds. Also, classifying nilpotent Lie algebras of class
2 has been an important problem in Lie algebras. In [10] nilpotent Lie algebras
of class 2 and dimension 8 with 2-dimensional center over the field of complex
numbers are classified. In this section, we intend to classify (n + 4)-dimensional
nilpotent n-Lie algebras of class 2. Regarding Theorem 3.1, the following result
obtains immediately.
Theorem 4.1. The only (n+3)-dimensional nilpotent n-Lie algebras of class 2 are
(1) An+3,2 = 〈e1, . . . , en+3 : [e1, . . . , en] = en+3〉 ∼= H(n, 1)⊕ F (2);
(2) An+3,5 = 〈e1, . . . , en+3 : [e1, . . . , en] = en+1, [e2, . . . , en, en+2] = en+3〉;
(3) H(2, 2).
Suppose A is an (n+4)-dimensional nilpotent n-Lie algebra of class 2 with basis
{e1, . . . , en+4}. If dimA
2 = 1, Theorem 2.2 yields A ∼= H(n,m)⊕F (n+4−nm−1).
Hence A is isomorphic to one of the following algebras
H(n, 1)⊕ F (3), H(2, 2)⊕ F (1) or H(3, 2).
Now, we assume that dimA2 ≥ 2 and 〈en+3, en+4〉 ⊆ A
2. Then A/〈en+4〉 is an
(n + 3)-dimensional nilpotent n-Lie algebra of class 2 so that, by Theorem 4.1,
A/〈en+4〉 is of the following forms:
Case 1: A/〈en+4〉 ∼= 〈e1, . . . , en+3 : [e1, . . . , en] = en+3〉. Then the brackets in A
can be written as:

[e1, . . . , en] = en+3 + αen+4,
[e1, . . . , eˆi, . . . , eˆj, . . . , en, en+1, en+2] = θijen+4, 1 ≤ i < j ≤ n,
[e1, . . . , eˆi, . . . , en, en+1] = βien+4, 1 ≤ i ≤ n,
[e1, . . . , eˆi, . . . , en, en+2] = γien+4, 1 ≤ i ≤ n.
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By a suitable change of basis, we may assume that α = 0, hence

[e1, . . . , en] = en+3,
[e1, . . . , eˆi, . . . , eˆj, . . . , en, en+1, en+2] = θijen+4, 1 ≤ i < j ≤ n,
[e1, . . . , eˆi, . . . , en, en+1] = βien+4, 1 ≤ i ≤ n,
[e1, . . . , eˆi, . . . , en, en+2] = γien+4, 1 ≤ i ≤ n.
Since dimA2 ≥ 2, it is obvious that dimZ(A) ≤ 3. First, assume that dimZ(A) =
3. Then, without loss of generality, we may assume that Z(A) = 〈en+2, en+3, en+4〉.
Hence γi and θij are all zero while βi 6= 0 for some i. We may assume that β1 6= 0.
Then 

[e1, . . . , en] = en+3,
[e2, . . . , , en, en+1] = β1en+4,
[e1, . . . , eˆi, . . . , en, en+1] = βien+4, 2 ≤ i ≤ n.
Using the following transformations
e′1 = e1 +
n∑
i=1
(−1)i−1
βi
β1
ei, e
′
j = ej , 2 ≤ j ≤ n+ 3, e
′
n+4 = β1en+4,
it follows that
A = 〈e1, . . . , en+4 : [e1, . . . , en] = en+3, [e2, . . . , en+1] = en+4〉.
This algebra is denoted by An+4,1.
Next, assume that dimZ(A) = 2. Then Z(A) = A2. If n ≥ 3, then, by Theorem
2.3, we have
A = 〈e1, . . . , en+4 : [e1, . . . , en] = en+3, [e3, . . . , en+2] = en+4〉,
which is denoted by An+3,2. From [4] in case n = 2, the only 6-dimensional Lie
algebra satisfying A2 = Z(A) and dimZ(A) = 2 is
A ∼= L6,22(ε) = 〈e1, . . . , e6 : [e1, e2] = e5, [e1, e3] = e6, [e2, e4] = εe6, [e3, e4] = e5〉.
Note that this algebra does not satisfy A/〈e6〉 ∼= H(2, 1)⊕ F (2).
Case 2: A/〈en+4〉 ∼= 〈e1, . . . , en+3 : [e1, . . . , en] = en+1, [e2, . . . , en, en+2] =
en+3〉. Then the brackets in A can be written as

[e1, . . . , en] = en+1 + αen+4,
[e2, . . . , en, en+2] = en+3 + βen+4,
[e1, . . . , eˆi, . . . , eˆj, . . . , en, en+1, en+2] = θijen+4, 1 ≤ i < j ≤ n,
[e1, . . . , eˆi, . . . , en, en+1] = βien+4, 1 ≤ i ≤ n,
[e1, . . . , eˆi, . . . , en, en+2] = γien+4, 2 ≤ i ≤ n.
With a suitable change of basis, one can assume that α = β = 0. A simple
verification shows Z(A) = 〈en+1, en+3, en+4〉 such that

[e1, . . . , en] = en+1,
[e2, . . . , en, en+2] = en+3,
[e1, . . . , eˆi, . . . , en, en+2] = γien+4, 2 ≤ i ≤ n.
If γi = 0 for all 2 ≤ i ≤ n, then
A = 〈e1, . . . , en+4 : [e1, . . . , en] = en+1, [e2, . . . , en, en+2] = en+3〉.
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One can easily see that this algebra is isomorphic to An+4,1. On the other hand,
if γi 6= 0 for some 2 ≤ i ≤ n, say γ2 6= 0, then we may apply the following
transformations
e′2 = e2 +
n∑
j=3
(−1)j−1
γj
γ2
ej, e
′
i = ei, i = 1, 3, . . . , n+ 3, e
′
n+4 = γ2en+4.
Then
A = 〈e1, . . . , en+4 : [e1, . . . , en] = en+1,
[e2, . . . , en, en+2] = en+3, [e1, e3, . . . , en, en+2] = en+4〉,
which we denote it by An+4,3.
Case 3: A/〈en+4〉 ∼= H(2, 2). From [4], we observe that
A ∼= L6,22(ε) = 〈e1, . . . , e6 : [e1, e2] = e5, [e1, e3] = e6, [e2, e4] = εe6, [e3, e4] = e5〉.
Theorem 4.2. The only (n+4)-dimensional nilpotent n-Lie algebras of class 2 are
H(n, 1)⊕ F (3), H(2, 2)⊕ F (1), H(3, 2), An+4,1, An+4,2, An+4,3 and L6,22(ε).
In table I, we have illustrated all n-Lie algebras obtained in this paper.
Table I
Nilpotent n-Lie algebra Non-zero multiplications
An+3,1 –
An+3,2 [e1, . . . , en] = en+3
An+3,3
[e1, . . . , en] = en+1, [e2, . . . , en+1] = en+3,
[e2, . . . , en, en+2] = en+3
An+3,4 [e1, . . . , en] = en+1, [e2, . . . , en+1] = en+3
An+3,5 [e1, . . . , en] = en+1, [e2, . . . , en, en+2] = en+3
An+3,6
[e1, . . . , en] = en+1, [e2, . . . , en+1] = en+2,
[e2, . . . , en, en+2] = en+3
An+3,7
[e1, . . . , en] = en+1, [e2, . . . , en+1] = en+2,
[e2, . . . , en, en+2] = [e1, e3, . . . , en+1] = en+3
An+3,8
[e1, . . . , en] = en+1, [e2, . . . , en+1] = en+2,
[e1, e3, . . . , en+1] = en+3
An+4,1 [e1, . . . , en] = en+3, [e2, . . . , en+1] = en+4
An+4,2 [e1, . . . , en] = en+3, [e3, . . . , en+2] = en+4 (n ≥ 3)
An+4,3
[e1, . . . , en] = en+1, [e2, . . . , en, en+2] = en+3,
[e1, e3, . . . , en, en+2] = en+4
References
[1] R. Bai, G. Song and Y. Zhang, On classification of n-Lie algebras, Front. Math. China 6(4)
(2011), 581–606.
[2] R. Bai, X. Wang, W. Xiao and H. An, Structure of low dimensional n-Lie algebras over a field
of characteristic 2, Linear Alg. Appl. 428 (2008), 1912–1920.
[3] L. Bosko, On Schur multipliers of Lie algebras and groups of maximal class, Int. J. Algebra
Comput. 20 (2010), 807–821.
[4] S. Cicalo, W. A. de Graaf and Csaba Schneider, Six-dimensional nilpotent Lie algebras, Linear
Algebra Appl. 436 (2012), 163–189.
[5] H. Darabi, F. Saeedi and M. Eshrati, A characterization of finite dimensional nilpotent Fillipov
algebras, J. Geom. Phys. 101 (2016), 100–107.
[6] M. Eshrati, F. Saeedi and H. Darabi, On the multiplier of nilpotent n-Lie algebras, J. Algebra
450 (2016), 162–172.
LOW DIMENSIONAL NILPOTENT n-LIE ALGEBRAS 9
[7] V. T. Fillipov, n-Lie algebras, Sib. Math. Zh. 26(6) (1985), 126–140.
[8] S. M. Kasymov, Theory of n-Lie algebras, Algebra Logika 26(3) (1987), 277–297.
[9] V. V. Morozov, Classification des algebras de Lie nilpotent de dimension 6, Izv. Vyssh. Ucheb.
Zar 4 (1958), 161–171.
[10] B. Ren and L. Zhu, Classification of 2-step nilpotent Lie algebras of dimension 8 with 2-
dimensional center, Comm. Algebra 39(6) (2011), 2068–2081.
[11] C. Seeley, 7-dimensional nilpotent Lie algebras, Trans. Amer. Math. Soc. 335(2) (1993),
479–496.
[12] K. A. Umlauf, Ber die Zusammensetzung der endlichen continuierlichen transformations-
gruppen insbesondere der gruppen vom range null, Ph.D. Thesis, University of Leipzig, Ger-
many, 1891.
[13] Y. Wang, H. Chen and Y. Niu, Classification of 8-dimensional nilpotent Lie algebras with
4-dimensional center, J. Math. Res. Appl. 33(6) (2013), 699–707.
[14] M. P. Williams, Nilpotent n-Lie algebras, Comm. Algebra 37 (2009), 1843–1849.
[15] S. Xia and B. Ren, Classification of 2-step nilpotent Lie algebras of dimension 8 with 4
dimensional center, J. University of Science and Technology of Suzhou 27 (2010), 19–23.
1Farhangiyan University, Shahid Beheshti Campus, Mashhad, Iran.
2Department of Mathematics, Mashhad Branch, Islamic Azad University, Mashhad,
Iran.
3 Department of Mathematics, Esfarayen University of Technology, Esfarayen, Iran.
E-mail address: eshrati.me@gmail.com
E-mail address: saeedi@mshdiau.ac.ir
E-mail address: darabi@iauesf.ac.ir
